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INTRODUCTION
Neurofibromatosis (NF), also known as von
Recklinghausen’s disease after the man who first
described the disease in 1882, was formerly
considered a single disease, but is now known to
be two clinically and genetically distinct diseases
[1–3]. On the basis of genetic, epidemiologic, and
recombinant DNA studies, the National Institutes
of  Heal th  Consensus  Conference on NF
recommended the adoption of uniform clinical
criteria for the diagnosis of the two subtypes,
Sonographic Appearance of
Plexiform Neurofibroma
of the Foot: Report of a Case
Rong-Bin Hong, Tyng-Guey Wang,1 Yih-Leong Chang,2 Chung-Li Wang3 and Fong-Jou Hsieh4
Plexiform neurofibroma is a multilobulated, tortuous enlargement or interdigitating
network of tumor along a nerve and its branches. It is usually located in the trunk
or extremities. Although ultrasonography provides important diagnostic information
about soft-tissue tumors, reports of the sonographic appearance of plexiform neu-
rofibroma are limited, especially in the foot. We present the sonographic picture
of histologically proven plexiform neurofibroma in the foot. The sonogram
demonstrated a tumor with poor margins and multiple hypoechoic nodules intervening
with hyperechoic background and several feeding vessels. We also reviewed the
literature regarding differentiation of plexiform neurofibroma and neurofibromatosis,
and sonographic findings of common soft-tissue tumors.
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denoted neurofibromatosis type1 (NF-1) and
neurofibromatosis type 2 (NF-2) [4]. Plexiform
neurofibromata are the most common extracranial
tumors found in NF-1. They are usually locally
aggressive and course along the entire nerve of
origin [5]. Early detection and possible surgical
resection is important, for these tumors are sub-
ject to malignant change [6]. Sonography is an
important tool for evaluating soft-tissue tumors
[7]. Nonetheless, the sonographic picture of plexi-
form neurofibroma has been rarely reported,
particularly in the foot.
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CASE REPORT
An 18-year-old girl presented with a 3-year history
of a gradually enlarging soft tumor in the medial
aspect of her left ankle. The skin color overlying
the tumor was normal. The tumor was soft, elastic
and tender when compressed. It seemed to adhere
to the calcaneus bone beneath, with little movement.
It measured approximately 8 x 6 cm, but its margin
was not obvious (Fig. 1). Plantar flexor muscle
power of the left ankle was also reduced. A plain
film X-ray of the left ankle showed a large, well-
defined erosion in plantar surface of the calcaneus,
with thickened cortex (Fig. 2). In addition, multiple
variable-sized cafe-au-lait spots were found on her
trunk. A review of her family medical history revealed
that no other family members were involved.
Sonographic examination of the tumor was
performed using a GE Diasonics ultrasonography
machine (GE Company, USA) with a 10-MHz linear
array transducer. On transverse scan, it demonstrated
multiple hypoechoic round masses surrounded by
hyperechoic background (Fig. 3). The diameter of
each mass measured 0.5–0.8 cm. When longitudinally
scanned, some cord-like structures were seen (Fig.
4). The tumor margin was not easily delineated, and
a few small feeding blood vessels were identified
on color Doppler scans.
The patient underwent an excisional biopsy. The
tumor adhered tightly to the calcaneus and neigh-
boring soft tissue. After careful removal of the whole
tumor, it was found to be composed of yellowish
adipose-like tissue and enlarged nerve tissue. The latter
was distorted and looked like a "bag of worms". The
adipose-like material encroached over the enlarged,
nodular and cord-like nerve tissue (Fig. 5). These
findings correlated well with the characteristic
sonographic images. Microscopically, a tortuous
neoplasm of expanded nerve branches was seen in
different planes of cross sections. The nerve fibers
were replaced by the proliferation of individual
Schwann cells interspersed with occasional thick,
weavy collagen bundles. There was no nuclear
Fig. 1. Photograph of the patient’s left ankle demonstrating
a soft lump in the medial aspect.
Fig. 2. Large well-defined erosion in the plantar surface
of the left calcaneus, with thickened cortex.
Fig. 3. Sonographic findings of plexiform neurofibroma.
Multiple round hypoechoic masses (arrows) surrounded
by hyperechoic background on transverse sonogram.
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pleomorphism or mitotic figures. The above findings
suggested a plexiform neurofibroma without evi-
dence of malignant change.
DISCUSSION
Neurofibromatosis is a genetic disorder that prima-
rily affects cell growth of neural tissue. The preva-
lence ranges from 1 in 2,500 to 1 in 7,800 in the
population [8, 9]. It can cause tumors to grow on
the nerves at any location and at any time [10].
Neurofibromatosis displays wide variability in clini-
cal presentation. There are at least two distinctive
forms: NF-1 and NF-2. The more common type is
NF-1, which is an autosomal dominant disease with
peripheral involvement. In contrast, NF-2 mainly
involves the central nervous system [4, 11, 12].
The diagnosis of NF-1 is based on the presence
of at least two of the following findings: 1) six or
more cafe-au-lait maculae, greater than 5 mm in the
greatest diameter in prepubertal individuals, and over
15 mm in greatest diameter in postpubertal
individuals; 2) two or more neurofibromata of any
type or one plexiform neurofibroma; 3) an optic
glioma; 4) a distinctive osseous lesion; 5) two or
more Lisch nodules of the iris; 6) freckling in the
axillary or inguinal region; and 7) a first-degree
relative with NF-1. Diagnosis of NF-2 is based on
the presence of bilateral acoustic neuromas or
unilateral acoustic neuroma in a person with a first-
degree relative with NF-2 [3, 4, 11, 12]. Our patient,
with erosion of the calcaneus, cafe-au-lait spots and
a plexiform neurofibroma, met the diagnostic criteria
for NF-1.
Individuals with NF-1 have a higher incidence
of developing both benign and malignant tumors.
One of the most common benign tumors is plexiform
neurofibroma. It may cause significant morbidity
and mortality due to its propensity to grow and affect
adjacent normal tissue [2]. Plexiform neurofibromata
are large lesions that affect large segments of a
nerve, distorting it into a "bag of worms" [3]. They
are multilobulated, tortuous enlargements or
interdigitating networks along a nerve and its branches
[1]. The occurrence rate of diffuse plexiform
neurofibroma among total neurofibromatosis cases
is about 10% [10]. In the study by Waggoner et al,
44% of neurofibromatosis tumors were detected by
5 years of age, and most were located in the trunk
and extremities [2]. These tumors may transform
into malignant nerve sheath tumors. Thus, early
identification and possible early resection is the
current mainstay of treatment [6].
The solitary, localized subcutaneous neurofibroma
is often small and oval. The sonographic picture
usually reveals a hypoechoic, grossly homogeneous
echotexture with well-defined contours. Color Dop-
pler study may disclose the presence of blood vessels
within large neurofibromata [7]. Reports of
sonographic images of plexiform neurofibroma are
quite different and limited. Reuter et al described
a sonogram of plexiform neurofibroma of the pop-
liteal fossa [13]. It revealed a well-defined trinodular,
solid, echo-poor mass. This picture is similar to ours
Fig. 4. Sonographic findings of plexiform neurofibroma.
Hypoechoic masses appeared cord-like (arrowheads) on
longitudinal sonogram.
Fig. 5. Gross findings of excised tumor. Enlarged nerve
tissue (arrows) and adipose-like material (arrowhead).
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in some points. The multiple hypoechoic round
nodules on sonography in the Reuter et al report
and in our patient article showed enlarged, tortuous
nerve tissue, with an echogenic matrix of adipose
tissue. Maio et al [1] and Geake [14] described the
ultrasound findings of plexiform neurofibromata in
the pelvis. These were ill-defined and multilobulated
tumors, which were similar to our findings, and
showed the highly tortuous behavior of plexiform
neurofibroma. The sonographic pictures of plexi-
form neurofibromata within the liver displayed
thickened, homogeneous, hyperechogenic substance
[15, 16]. The sonographic appearance of plexiform
neurofibromata seems to cover a broad spectrum.
The sonographic images ranged from hypochogenic
to hyperechogenic, heterogeneous to homogeneous,
multiple nodules to homogeneous round shape. This
variability is due to the different gross morphologies,
tortuous behavior, locations and surrounding tissue of
the tumor.
Normal peripheral nerve tissue is sonographically
hyperechoic. The enlarged nerve tissue in the
sonogram of our patient was hypoechoic. This picture
was related to the character of the plexiform
neurofibroma. The nerve enlargement was due to
lobular expansion of the endoneurium by myxoid
ground substance, which may have altered its
echogenicity [3].
Soft-tissue masses of the ankle and foot are
usually benign; malignant tumors are much less
common and metastatic lesions are quite rare [17].
Benign tumors including plantar fibromatosis,
hemangioma, neurogenic tumors and lipoma account
for approximately 60% to 70% of all tumors of the
foot [18]. Their clinical manifestations are often
nonspecific. An imaging evaluation is generally
required to confirm the tumor’s presence and define
its anatomic origin, extent and radiologic features
[19]. Ultrasonography provides important diagnostic
information, including the distinction between solid
or fluid consistency, accurate assessment of size and
extension, and with real-time sonography, the
presence of inherent pulsation [13]. In addition to
being cost-effective, sonography may allow for both
diagnosis and treatment. Ultrasound-guided aspiration
is often used to obtain specimens for culture and
pathology [7].
Sonography is widely used as an evaluation tool
to differentiate foot and ankle tumors. Plantar
fibromatosis is a benign, but locally aggressive
neoplasm, usually located in the middle or distal
aponeurosis. Sonography can demonstrate a
hypoechoic mass and aid in determining its extent,
but provides poor or inadequate specificity [20].
Soft-tissue granulomas, whether superficial or deep,
frequently calcify with a resultant acoustic shadow
in the sonographic image [21]. Abscesses appear as
anechoic or complex, uniloculated or multiloculated,
with thick, irregular walls. Color Doppler ultrasound
demonstrates increased vascularity around and in the
wall of the mass.
Diagnostic aspiration and drainage can be
performed under sonographic guidance. Ganglia are
typically anechoic or hypoechoic. They often
communicate with a joint or a tendon sheath.
Aspiration of a ganglion usually reveals clear fluid
of variable viscosity [7]. Characteristic imaging
features of lipomata include a well-defined margin,
an ovoid or round shape and the presence of internal
linear echoes [22]. In neurogenic tumors, ultrasound
presents a heterogeneous, hypoechoic mass with a
well-defined margin; on color Doppler ultrasound,
they show a hypervascular mass with a moderate
resistive index [23].
Limitations of soft-tissue sonography include
reduced scan width of view, inability of clinicians
to read sonograms, inability of sonography to see
through bones and to visualize certain structures in
areas of complex anatomy. Nonetheless, the cost-
effectiveness of sonography justifies its use as a
first-line examination technique in many situations
involving soft tissues, with magnetic resonance
imaging being used for problem solving [7].
In conclusion, plexiform neurofibromata are very
rare in the foot area. Sonographically, this tumor
usually appears as multiple, round, hypoechoic masses
surrounded by echogenic background without a
definitive border. Cord-like structures can be found
on longitudinal scans. Whenever a slow-growing
tumor appears in the foot area, plexiform neurofi-
broma should be included in the differential diagnosis.
Soft-tissue ultrasonography may play a part in the
evaluation of soft-tissue tumors in the foot.
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